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摘    要 
采用热变性法、超滤技术和离子交换柱层析（DEAE-52）技术，分别从四种
不同的动物（猪、黄牛、鸡和鸭）胰脏中分离、纯化和制备电泳纯铁蛋白，分别
称为猪胰铁蛋白（Pig Pancreas Ferritin，PPF）、黄牛胰铁蛋白（Scalper Pancreas 
Ferritin，SPF）、鸭胰铁蛋白（Duck Pancreas Ferritin，DPF）和鸡胰铁蛋白（Chicken 
Pancreas Ferritin，CPF）。进一步结合聚丙烯酰胺凝胶电泳（PAGE）技术，小批
量制备质谱纯铁蛋白，用于组成与结构分析。 
天然 PAGE 技术分析指出，胰脏铁蛋白的电泳迁移率为 VPPF>VSPF 
>VDPF>VCPF，即它们的分子量大小可视为 CPFMW>DPFMW>SPFMW>PPFMW，但均
大于马脾铁蛋白(Horse Spleen Ferritin，HSF)。SDS-PAGE 技术指出，CPF、DPF、
SPF 和 PPF 均由 H 和 L 类型的亚基组成，但它们的 H/L 比值略有差别。选用肽
质量指纹图谱(PMF)技术分别鉴定 4 种胰脏铁蛋白的 H 和 L 亚基。CPF、DPF、
SPF 和 PPF 分别经 SDS 处理后，均显示出 3-6 种不同等电点亚基或不同亚基聚
合体，这一现象说明不同来源铁蛋白的 H 和 L 亚基之间相互作用强度呈复杂化，
并存在着不同亚基聚合体和差异性，推测这些亚基结构差异特性可能与铁蛋白控
释铁速率有关。 
通过研究，作者发现 PPF 具有以下三个特性：（1）PPF 的 H/L 亚基组成比
例为 1：2，亚基聚合方式有：L-L、L-H 和 H-H；（2）PPF 释放铁的动力学速率























Thermal denaturation method, ultrafiltration method and DEAE-cellulose 
chromatography were used to separate and purify four pancreas ferritins, named PPF 
(Pig Pancreas Ferritin), SPF( Scalper Pancreas Ferritin), DPF(Duck Pancreas Ferritin) 
and CPF (Chicken Pancreas Ferritin), respectively. The methods mentioned above and 
PAGE combined further to prepare a small batch of ferritin with the level of mass 
spectrometry for analysis on the protein composition and structure. 
These pancreas ferritins showed different mobilities in PAGE gel which 
gradation was VPPF>VSPF >VDPF>VCPF, and the results meaned that their molecular 
weights gradation was CPFMW>DPFMW>SPFMW>PPFMW. Moreover, the molecular 
weights of the four ferritins were larger than that of horse spleen ferritin (HSF). 
SDS-PAGE results showed that CPF, DPF, SPF and PPF consisted of H and L 
subunits, but with different H/L ratios. And then the two subunit types of four ferritins 
were identified by peptide-mass fingerprinting (PMF) technology. The ferritins, such 
as CPF, DPF, SPF and PPF, treated with SDS showed the band numbers of the protein 
ranging from 3 to 6 with different pI values respectively in IEF gel. This phenomenon 
revealed that the intensities of complicated interactions between H and L subunits 
were very different and that the different polymers existed in ferritins. The 
heterogeneity might response to iron release of ferritin, requirement of animals to iron 
and iron detoxification vivo conjecturally. 
Three main characteristics were summarized followed: (1) An approximately 1:2 
ratio of H to L subunits was observed in PPF, indicating three combined types of L-L, 
L-H and H-H; (2) In terms of kinetics, the law of the iron releasing speed from PPF 
was similar to that of PSF and HSF;(3) The character of PPF subunits’ structure 
differed from those of other mammalian ferritins, suggesting that this peculiar 
subunits structure was correlative with the exceptional iron release and storage. 
The rule of apoPPF trapping Zn2+ was studied for establishing the calculation 
formula under the conditions of different pH and reactive time, respectively. These 















core-ferritin as new carrier of anticancer drugs. 
Key word：Pancreas ferritin；poultry and mammal；characteristic of physics and 























































































铁蛋白是 1884 年 Schmiedeber 发现的水溶性铁贮存蛋白，1937 年被









图 1 铁蛋白分子结构图 

















24 个相同亚基构成 432 点对称的、直径 12.4～13.0nm 椭圆形、厚度约 2.5nm、
空穴直径约 7.8nm 的蛋白壳。在这 24 个亚基中，每两个为一对，每对亚基相互
平行，尾首相对，构成菱形十二面体的一个面。这个十二面体有 6 个四重轴和 8
个三重轴[12]。当 24 个亚基拼装成蛋白壳时，在亚基与亚基间留下 14 条通道，
其中 6 个通道沿分子四重轴方向贯穿蛋白壳，沟通蛋白内外，其长 1.25nm，宽
0.3-0.4nm。它们内壁镶嵌一些 Leu 残基，所以通道有些疏水性。另外 8 条通道
沿分子三重轴方向贯穿蛋白壳，进口较宽，向内收缩成一细长通道，直达空穴。










数为 0（apoFerritin）到 多 4500 个 Fe（Ⅲ）。一般铁核直径在 40～88Å 之间，
略小于蛋白壳内的空穴直径（70～88Å）[13-20]。这种变动是由于在铁负荷大小不
同时，造成的充填程度不同。在一般情况下，人肝和脾的铁蛋白含铁每摩尔 200
0～3000 个铁原子，心脑铁蛋白则只有 1000～2000 个。铁核的组成以水合氧化
铁（ferrihydrite，5Fe2O3·9H2O）为主，但也夹杂有其它阴、阳离子。天然铁蛋白



















上、下两平面之间，呈扁八面体与 6 个氧配位。铁核中的 PO43-可能结合在表面，
也有可能结合在核内无序部分或欠缺部分。由于在从 apoFerritin 与 FeSO4 重组铁
蛋白时，PO43-的存在限制铁核的成长，所以可能 PO43-结合在 Fe-O-Fe 链的末端，










图 2 铁蛋白铁核分子模型图 
Fig. 2 A molecular model of the ferritin protein 
with the iron-mineral core 
1.1.3 铁蛋白亚基结构特征 
通常，铁蛋白具有两种不同类型亚基组成（个别有三种）即为 H 和 L 亚基。
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